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Introduction. 

Deformities of the spinal column do not only occur in man and mam¬ 
mals but also in fishes. These deformities may be classed in the following 
groups: 

1. Lordosis: a ventrodorsal curvature of the spinal column, in which 
a segment of the spinal column bends upwards with its convexity ven- 
trally. This relatively rare deformity is usually found as a secondary 
phenomenon to an enlargement of the body cavity, which may be due to 
several causes. 

2. Kyphosis: a ventrodorsal curvature of the spinal column, in which 
a segment of the spinal column bends downwards with its convexity 
dorsally. 

3. Scoliosis: a lateral curvature of the spinal column, in which a 
segment of the spinal column bends with its convexity to the left or to 
the right side. This lateral bending of the spinal column is accompanied 
by a twist of the vertebral bodies. It appears that the vertebral bodies are 
always twisted towards the convexity of the curvature. Consequently the 
spinous processes are directed towards the concavity. 

4. Kyphoscoliosis: combination of a kyphosis and a scoliosis. The 
kyphosis is accompanied by a compensatory scoliosis. 

5. Kypholordosis: combination of a kyphosis and a lordosis. The 
kyphosis is accompanied by a compensatory lordosis. 

6. Plecospondylic spinal column: several consecutive lateral 
curvatures of the spinal column. Consequently, the body of the fish has a 
wave-like appearance. 

Lordosis in fishes has been described by Roth (1922 ) in a bitterling 
(Rhodeus amarus Bloch), a young minnow (Phoxinus phoxinus (Lin- 
Ne)), and a pike {Esox lucius L.). In the bitterling the lordosis appeared 
to have been caused by a highly developed tumour of the ovary, in the 
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minnow by a large intestinal parasite and in the pike by an inflammatory 
process, followed by the coalescence of two vertebrae. The lordosis in 
the minnow is clearly shown to have been a secondary deformity, as, on 
removal of the intestinal parasite, the lordosis disappeared entirely after 
some weeks. 

Plehn (1924) reported lordosis in a pike (Esox lucius L.), which, as 
her figure indicates, resembles the case described by Roth. 

Brief mention of kyphosis of the spinal column in toothcarps (Cyprino- 
donts) was made by Roth. In fishes with a kyphosis the ventral body 
wall appeared to be flattened, and, in extreme cases, even somewhat 
concave; in the latter the fishes seemed to be in a very reduced state of 
growth. According to Roth (1922) the kyphosis is occasionally observed 
in several specimens from the same stock; for this reason it has sometimes 
been considered to be a symptom of degeneration resulting from in- 
breeding. 

Scoliosis was relatively often met with in the carp ( Cyprinus carpio 
L.) and therefore most extensively studied in this species (Hofer, 1904; 
Roth, 1922; Plehn, 1924). The greater part of cases of scoliosis appeared 
not to be pure. Usually the deformity was found combined with kyphosis. 
In this kyphoscoliosis, which relatively often occurred in toothcarps (Gy~ 
prinodonts) according to Roth (1922), the curvature almost without 
exception was localized in the transitional area between trunk and tail. 
However, Hofer found the curvature of the spinal column directly behind 
the skull in a good many specimens of the golden orfe (Idus idus var. 
orfus). As this deformity occurred in a great many specimens derived 
from the same pond, it was considered to be due to an inflammation; 
which, however, could not be proved. 

The kypholordotic shortening of the spinal column was examined by 
Spiczakow (1935). This deformity was often found in the highly arched 
Aischgriinder race of carp. During life this kypholordosis appeared to be 
ascertainable because of a splitting of the side-line. It must be noted, 
however, that this splitting of the side-line need not necessarily result 
from a kypholordosis, but that it may be caused by the coalescence of the 
vertebrae. In practice this deformity is very important, since carps with 
kypholordosis are not allowed for breeding. ScHaPERCLAUS (1941) re¬ 
ported that several carps, which on account of their thick-set build had 
seemed to suffer from dropsy (hydrops) on examination showed, actually 
to be suffering from a shortening of the spinal column. 



Figure 1. Plecospondylic spinal column in the guppy, Lebistes reticulatus (Peters) 
Dorsal side. Several successive wavelike curvatures. 

The plecospondylic spinal column, among other things, was described 
in the eel (Anguilla anguilla LiNNe) by ScHaPERCLAUS (1941). On the 
rontgenogram the fish (length 33 cm) showed, besides the alternating 
lordotic and kyphotic curvatures, also a number of scolioses. Koch (1912) 
has given a description of the occurrence of a spinal column curvature 
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Figure 2. Plecospondylic spinal column in the guppy, Lebistcs r eticulatus (Peters). 

Frontal section. Displacement of the vertebrae (black), which consists of 
cartilage. Some vertebrae show an extreme deformation and an important 
increase in size. The vertebrae are separated by connective tissue. On either 
sides of the spinal column connectice tissue, musculature and skin. 

in fishes. Wunder (1934) observed spinal column curvature in the carp 
(Cyprinus carpio LiNNe) after primary osteomalacia. These literature 
data may suffice. For a more detailed report see Schrader's publication 
(1930), which contains about 55 species and families in which curvatures 
of the spinal column have been observed. 

In a young specimen of the guppy or millionfish (Lebistes r eticulatus 
(Peters)) we ourselves found a clearly developed plecospondylic spinal 
column (fig. 1). The fish was fixed in Bouin’s fluid and embedded in 
paraffin. The sections (4—6 /x) were cut frontally and stained either with 
hematoxylin and eosin or according to the azan method and the Van 
Gieson method. 

Description. 

Macroscopically the plecospondylic spinal column of Lebistes reticulatus 
showed a number of consecutive curvatures, mainly in lateral direction 
(fig. 1). In consequence of these curvatures the spinal column was 
shortened substantially. 

The histological examination of the plecospondylic spinal column re¬ 
vealed several phenomena, namely: 

1. displacement of the vertebrae, 

2. transformation of the vertebrae, 

3. increase in size of the vertebrae, 

4. decrease in size of the vertebrae, 

5. coalescence of the vertebrae. 
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Figure 3. Plecospondylic spinal column in the guppy, Lebistcs reticulatus (Peters). 

Frontal section. More magnified as figure 2. Displacement of the vertebrae 
(black), which consists of cartilage. The vertebrae show an extreme defor¬ 
mation and an important increase in size. The vertebrae are separated by 
connective tissue. On either sides of the spinal column connective tissue and 
musculature. 

These phenomena will be described separately. 

Ad 1 . Locally, several vertebrae were displaced with respect to each 
other, sometimes to a great extent (figs. 2 and 3). It looked as if one 
vertebra had been pushed aside by the two adjacent vertebrae. As a 
result some segments of the spinal column showed a zigzag appearance. 

The cartilage cells of the vertebrae were compact. The perichondrium 
around the vertebrae consisted of a thin layer of flattened connective 
tissue cells with fusiform nuclei. 

In a segment of the spinal column with displaced vertebrae the connec- 
tive tissue of the perichondrium sometimes seemed to be connected with 
vertebrae situated further on instead of with the adjacent vertebrae. In 
this case the connective tissue of the perichondrium is situated along the 
displaced vertebrae, as it were. 

Ad 2. Some vertebrae were greatly deformed. The normal, regular 
form is lost, the vertebrae having grown into an irregular piece of car¬ 
tilage (figs. 2 and 3), The smooth surface of the vertebrae showed no 
lacunae nor chondroklasts. Locally, several transitions were found 
between fibroblasts of the perichondrium and cartilage cells. 

Ad 3. An increase in size of the vertebrae was met with in several seg¬ 
ments of the plecospondylic spinal column. By means of a formation of 
cartilage from the perichondrium some vertebrae were much enlarged. 
Thus some of the vertebrae were about five and a half times as large as 
the normal ones (figs. 2 and 3), the formation of cartilage having 
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Figure 4. Plecospondylic spinal column in the guppy, Lebistes reticulatus (Peters). 

Frontal section. Disappearance of vertebrae. In the centre some small verte¬ 
brae consisting of cartilage (black) remained. On the left side a very small 
vertebra is present. The vertebrae are separated by connective tissue. On 
either sides of the vertebrae connective tissue, musculature (muscle bundles 
between myosepta) and skin. To the right, two urinary ducts and intestine. 

exceeded the absorption of cartilage. It is worth mentioning that in 
general the increase in size occurred in several of the vertebrae of a seg¬ 
ment of the spinal column, but not in one isolated vertebra. 

Ad 4. Just as the increase in size, also decrease in size was observed in 
several vertebrae of the spinal segment, but not in one separate vertebra 
only. Here the absorption of cartilage seemed to have exceeded the for¬ 
mation of cartilage. Figures 4 and 5 show some of these very small ver¬ 
tebrae. 

Ad 5. Locally, a number of vertebrae had grown together and had 
formed a cartilaginous stick. The connective tissue situated between the 
vertebrae had been transformed into cartilage. This must at first have 
been visible as cartilaginous bridges, but afterwards the growing together 
of the bridges and the vertebrae had caused the limitations of the car¬ 
tilaginous vertebrae to be no longer visible whilst a cartilaginous stick 
had come about. 

Ad 6. Disappearance of vertebrae was occasionally noticed. Owing 
to the absorption of the cartilage the vertebrae had become very small 
and at last had vanished completely (figs. 3 and 4). At the margins of 
the regions in which the vertebrae disappeared, sometimes very small 
ones were found. Surely, these would also have vanished after some time. 
The process of the disappearance of vertebrae did not seem to have yet 
come to a stop. 

Inflammatory cells, such as lymphocytes and polynuclear granulocytes 
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Figure 5. Plecospondylic spinal column in the guppy, Lebistes ceticulatus (Peters). 

Frontal section. More magnified than figure 4, Disappearance of vertebrae. 
In the centre some small vertebrae consisting of cartilage (black), remained. 
The vertebrae are separated by connective tissue. On either sides of the 
vertebrae connective tissue. In left lower corner the musculature is visible. 

were not encountered in the plecospondylic spinal column of Lebistes re- 
ticulatus. Also cells with club-shaped inclusions, elsewhere observed not 
only in inflammations but in tumours of fishes as well, were lacking in 
these tissues. These cells were found by Stolk in the inflammation of 
gills in Lebistes reticulatus (1950 a, 1954 a), in the thyroiditis of Lebistes 
reticulatus (1950 a, 1954 b), and in a mesenchymal tumour of the skin in 
Xiphophorus maculatus (red variety) (1954 c). Duthie (1939) and 
Catton (1951) considered these cells as coarse granulocytes in the 
discharging state. Aronowitz, Nigrelli and Gordon (1951) noted these 
cells in a spontaneous epithelioma in the platyfish, Xiphophorus ( Platy - 
poecilus) variatus. 

If the cells with club-shaped inclusions had been found in the plecos¬ 
pondylic spinal column of Lebistes reticulatus , it might have been assumed 
that inflammatory processes had played an important part in the origin of 
this spinal column deformity. This however, was not the case. 

The skeleton of the head and of the extremities did not show defor¬ 
mities. It was only the spinal column, which was afflicted by the patho¬ 
logical process. 

Nor were any anomalies found in the musculature nor in the skin. 
Discussion. 

The wave-like curvature and the shortening of the spinal column as 
seen in Lebistes reticulatus appeared to be a typical case of a plecospondylic 
spinal column and corresponded very well with the cases described in 
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literature. What is (are) the causal factor (factors) of this deformity? 

The plecospondylic spinal column in Lebistes reticulatus cannot have 
arisen by a displacement of one vertebra with respect to an other, the so- 
called spondylolisthesis, only. Then the vertebrae had to show about the 
normal structure without deformation. The extreme deformation and the 
important increase in size of the vertebrae suggest that an absorption of 
the cartilage occurred on the one side and a formation of cartilage on the 
other side. 

As the histological examination revealed no lacunae on the surface of 
the vertebrae, it may be assumed that probably the absorption of the car¬ 
tilage is to be ascribed to so-called smooth absorption, in which the car¬ 
tilage disappears because of the adjacent perichondrium's exerting a 
more equal and obviously dissolving action on the cartilage. This smooth 
absorption of the cartilage may be considered as a moderate form of la¬ 
cunar absorption, in which the cells (chondroklasts) locally play an im¬ 
portant part, corroding the cartilage and in this way forming lacunae in 
the initially smooth surface of the cartilage. 

The formation of cartilage took place by appositional growth, by direct 
transformation of the perichondrial connective tissue. Probably this appo¬ 
sitional growth occurred in the normal way, thus: The innermost fibro¬ 
blasts of the perichondrial connective tissue are transformed directly into 
cartilage cells surrounded by capsules. Besides, these cells lose their 
spindle shape, they accumulate large amounts of fluid in vacuoles in their 
cytoplasm and consequently become spherical or polyhedral. The spaces 
between the cells become smaller. The cells acquire the characteristic ap¬ 
pearance of cartilage cells and become separated from each other by in¬ 
creased formation of the intercellular substance. 

In addition to the occurrence of absorption and formation of cartilage, 
the displacement of the vertebrae with respect to each other could un¬ 
doubtedly have played a part as etiological factor in the origin of the 
plecospondylic spinal column. 

Only little is known concerning the cause of the plecospondylic spinal 
column. Of course, a local inflammation was thought of, followed by a 
secondary growing together of the vertebrae. Indeed Roth (1922) found 
a case of lordosis in the pike (Esox lucius ), in which the deformity seemed 
to have been caused by an inflammatory process. Yet these processes 
probably play no part in the etiology, as then an inflammatory process 
would have to be present in several places, which is not very likely. 
Moreover, as a rule no inflammation is found, not even a small number of 
inflammatory cells. Plehn (1924) reported that the bacteriological exa¬ 
mination of the curvatures of the spinal column of carps yielded no 
results. Also in our case of plecospondylic spinal column in Lebistes re¬ 
ticulatus inflammatory cells were lacking. So a distinct causative agent 
of the curvatures cannot be demonstrated. 

Osteomalacia also was considered, because it is capable of afflicting 
the entire skeleton; for this reason osteomalacia may more correctly be 
considered to be the preceding stage of the plecospondylic spinal column 
than an inflammation. Wunder (1934) observed in the carp (Cyprinus 
carpio) a secondary curvature of the spinal column after a primary 
osteomalacia. 

The frequent occurrence of the plecospondylic spinal column in pox 
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disease ("Pockenkrankheit”) and rachitis, which are attended by osteo¬ 
malacia, also points to osteomalacia as a cause of the plecospondylic 
spinal column. 

In the plecospondylic spinal column of Lebistes reticulatus probably 
also osteomalacia occurred, resulting in the coalescence of the vertebrae 
and, consequently, in a wavelike curvature. However, it cannot be deter¬ 
mined to what extent the osteomalacia is a result of hereditary factors in 
this case. 

It should be pointed out that fishes with plecospondylic spinal column 
are extremely low-graded and consequently cannot be used for breeding 
purposes. This holds for the generally small aquarium-fish, as well as for 
the larger consumption-fish in fish-hatcheries. 

Summary. 

Description of a case of plecospondylic spinal column in the viviparous 
Cyprinodont Lebistes reticulatus (Peters), the so-called guppy or mil- 
lionfish. In this deformity the following phenomena have been observed: 
displacement of vertebrae, transformation of vertebrae, increase in size of 
vertebrae, decrease in size of vertebrae, coalescence of vertebrae, disap¬ 
pearance of vertebrae. 

Inflammatory cells such as lymphocytes, polynuclear granulocytes and 
cells with club-shaped inclusions (Duthie, 1939; Stolk, 1950 a, 1954 a, 
1954 6, 1954 c; Catton, 1951; Aronowitz, Nigrelli and Gordon, 1951) 
were not found. Consequently inflammatory processes have not played an 
important part in the origin of this spinal column deformity. The skeleton 
of the head and the extremities and, moreover, the musculature and the 
skin showed no deformities. 

Beside the occurrence of absorption and formation of cartilage the 
displacement of the vertebrae with respect to each other may undoubt¬ 
edly have played a role as an etiological factor. Probably an osteomalacia 
occurred and consequently a growing together of the vertebrae and as 
a result the successive wave-like curvatures of the spinal column. To 
what extent this osteomalacia is a result of hereditary factors cannot be 
determined. 
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